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PILOT CHANNEL CONFIGURATION FOR
MIMO NETWORK

TECHNICAL FIELD

The present disclosure relates to multiple-input, multiple
output (MIMO) communication networks, and more particu-
larly, to the configuration of pilot channels for MIMO net-
works.

BACKGROUND

In recent years, there has been much 1nterest 1n multiple
input, multiple output (MIMO) networks for enhancing data
rates 1n wireless communication networks. MIMO networks
employ multiple antennas at the transmitter and receiver to
transmit and recerve information. The recerver can exploit the
spatial dimensions of the signal at the receiver to achieve
higher spectral efliciency and higher data rates without
increasing bandwidth.

To support MIMO transmissions, channel estimates are
needed to characterize the effective channel for each spatial
layer. In WCDM A networks, the base station transmits a pilot
signal to the user terminals to enable channel estimation by
the user terminals. The pilot signal 1s transmitted to all user
terminals 1in a cell on a common pilot channel (CPICH) and
serves two purposes. First, the pilot signals enable channel
state information (CSI) estimation. Based on the CSI esti-
mates, the user terminals generate a channel quality indica-
tion (CQI), and select a suggested rank and precoder for
MIMO transmissions. Second, the user terminals use the pilot
signal to generate channel estimates for coherent demodula-
tion.

In WCDMA, common pilot signals are transmitted to all
user terminals 1n a group or cell. Release 7 of the Wideband
Code Division Multiple Access (WCDMA) standard defines
two common pilot channels to support for 2x2 MIMO trans-
missions: the Primary Common Pilot Channel (P-CPICH)
and Secondary Common Pilot Channel (S-CPICH). The
S-CPICH 1s configured together with P-CPICH for channel
estimation to enable 2x2 MIMO transmissions to MIMO-
enabled user terminals.

In order to support 4x4 MIMO transmissions, it 15 Neces-
sary to obtain four channel estimates 1n order to characterize
cach of the spatial layers. Thus, to support four-branch
MIMO transmissions, two additional common pilot channels
need to be defined for channel estimation. The additional pilot
channels need to be transmitted with sufficient power to
ensure good channel estimates when a MIMO transmission of
rank three or higher 1s scheduled for a compliant user termi-
nal. However, the additional pilot channels will create addi-
tional interference.

SUMMARY

Embodiments of the present disclosure provide methods
and apparatus for configuring additional CPICHs, e.g. third
CPICH, fourth CPICH, etc., to support MIMO transmissions
of rank three or higher. According to one aspect of the disclo-
sure, a radio network controller (RNC) sends configuration
information for the additional CPICHs to the base station to
configure the additional CPICHs. The additional CPICHs can
be configured to have a fixed power level, or multiple power
levels. New information elements are defined for the control
plane signaling messages to specily the configuration of the

additional CPICHs.
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When the additional CPICHs are configured with multiple
power levels, the base station can select the appropriate power
level for each CPICH 1n dependence on current scheduling
decisions. If the currently scheduled user terminals are not
capable of recerving MIMO transmissions of rank 3 or higher,
the base station can transmit the additional CPICHs at a low
power level. On the other hand, 11 one or more of the currently
scheduled user terminals are capable of receiving MIMO
transmissions of rank 3 or higher, the base station can transmit
the additional CPICHs at a higher power level to improve
channel estimation for coherent demodulation.

When the additional CPICHs are configured with multiple
power levels, the controlling RNC (CRNC) for a current
serving base station can request the base station to report the
power levels of the additional CPICHs. This information can
be used for radio link set-up and radio resource management
purposes. The base station may be configured to provide
periodic measurement reports, event-triggered measurement
reports, or both. The base station may also provide an imme-
diate on-demand measurement report responsive to a request
form a radio network controller.

In some embodiments, the base station can selectively turn
the additional CPICHs on and off depending on the capabili-
ties of the currently served user terminals. For example, the
activation of the additional CPICHSs can be conditioned on the
number of user terminals in the cell having the ability to
receive MIMO transmissions of rank 3 or higher. In one
exemplary embodiment, the base station may stop transmis-
sion of the additional CPICHs, 1f none (or fewer than the
predetermined number) of currently served user terminals 1s
capable of recerving MIMO transmissions of rank 3 or higher.
Transmission of the additional CPICHs can be resumed when
at least one user terminal (or a predetermined number of user
terminals) capable of receiving MIMO transmissions of rank
3 or higher are detected.

Exemplary embodiments of the disclosure comprise meth-
ods implemented by a radio network controller in a wireless
communication network of configuring additional pilot chan-
nels 1n a cell having primary and secondary pilot channels to
support multiple-input, multiple-output (MIMO) transmis-
sions of rank three or higher. In one embodiment of the
method, the radio network controller sends a configuration
message to a serving base station. The configuration message
includes configuration information for one or more additional
pilot channels. The radio network controller determines a set
of two or more power levels for the additional pilot channels.
The radio network controller includes, 1n the configuration
information, power level information indicating the set ol two
or more powers levels for each additional pilot channel.

Other embodiments of the disclosure comprise a radio
network controller 1n a wireless communication network for
configuring additional pilot channels 1n a cell having primary
and secondary pilot channels to support multiple-input, mul-
tiple-output (MIMO) transmissions of rank three or higher. In
one embodiment, the radio network controller comprises a
network interface circuit for communicating with a serving
base station 1n a cell of a wireless communication network.
The control processor 1s configured to send a configuration
message to the serving base station. The configuration mes-
sage 1ncludes configuration information for one or more addi-
tional pilot channels. The control processor 1s further config-
ured to determine a set of two or more power levels for the
additional pilot channels, and to include, 1n the configuration
information, power mformation indicating the set of two or
more power levels for each additional pilot channel.

Other embodiments of the disclosure comprise methods
implemented by a serving base station for a cell of a wireless
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communication network for supporting multiple-input, mul-
tiple-output (MIMO) transmissions of rank three or higher. In
one embodiment of the method, the serving base station trans-
mits primary and secondary pilot channels on a downlink
channel. The serving base station receives, from a radio net-
work controller, a configuration message including configu-
ration information for one or more additional pilot channels.
The configuration message includes power level information
indicating a set of two or more power levels for each addi-
tional pilot channel. The serving base station selects, for each
additional pilot channel, a transmit power level from a corre-
sponding set of two or more power levels indicated 1n the
configuration information, and transmits the additional pilot
channels on the downlink channel at the selected power lev-
els.

Other embodiments of the disclosure comprise a serving,
base station for a cell of a wireless communication network
for supporting multiple-input, multiple-output (MIMO)
transmissions of rank three or higher. In one embodiment, the
serving base station comprises a transceiver circuit for com-
municating with user terminals, a network interface circuit
for communicating with a radio network controller 1n the
wireless communication network, and a control processor
connected to the transceiver circuit and network interface
circuit. The control processor 1s configured to control the
transceiver circuit to transmit primary and secondary pilot
channels on a downlink channel. The control processor 1s
turther configured to receive, from aradio network controller,
a conliguration message including configuration information
for one or more additional pilot channels. The configuration
message icludes power level information indicating a set of
two or more power levels for each additional pilot channel.
The control processor 1s further configured to select, for each
additional pilot channel, a transmit power level from a corre-
sponding set of two or more power levels indicated 1n the
configuration information, and to control the transcerver cir-
cuit to transmit the additional pilot channels on the downlink
channel at the selected power levels.

Embodiments of the present disclosure provide support for
4x4 MIMO channels while reducing the impact of the addi-
tional CPICHs on legacy user terminals 20. Also, embodi-
ments of the disclosure provide high power pilot signals to the
user terminals 20 terminal as an aid 1n coherent demodulation
and data detection.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1llustrates components of a wireless communication
network according to exemplary embodiments of the present
disclosure.

FIG. 2 illustrates a procedure for configuring additional
CPICHs or MIMO transmissions of rank 3 or higher.

FI1G. 3 1llustrates a procedure for setting up a radio link for
MIMO transmission of rank 3 or higher.

FIG. 4 1llustrates a procedure for configuring reporting
between a base station and radio network controller.

FIG. 5 1llustrates an exemplary method implemented by a
radio network controller for configuring additional pilot
channels to support MIMO transmissions of rank 3 or higher.

FIG. 6 1llustrates an exemplary method implemented by a
serving base station for supporting MIMO transmissions of
rank 3 or higher.

FIG. 7 illustrates an exemplary base station configured to
support MIMO transmission of rank 3 or higher.
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FIG. 8 illustrates an exemplary radio network controller
configured to support MIMO transmission of rank 3 or higher.

DETAILED DESCRIPTION

FIG. 1 1llustrates components of a wireless communication
network 10 according to exemplary embodiments of the
present disclosure. The wireless communication network 10
includes a plurality of user terminals 20, one or more base
stations 30, and a radio network controller 40. The user ter-
minals 20, referred to as user equipment (UE) in the WCDMA
standard, are end-user devices, such as smart phones, mobile
phones, laptop computers, or other devices with wireless
communication capabilities. The user terminals 20 commu-
nicate with one or more base stations 30 that provide network
access to the user terminals 20. The base stations 30, called
NodeBs 1 the WCDMA standard, contain the radio equip-
ment for communicating with the user terminals 20 and pro-
vides radio coverage for one or more cells or sectors in the
wireless communication network 10. Typically, the wireless
communication network 10 will include multiple base sta-
tions 30 providing coverage in respective cells or sectors. The
RINC 40 controls the base stations 30 and provides connection
to the core network (not shown). The control functions per-
tormed by the RNC 40 include call set-up and radio resource
management. A single RNC 40 may control multiple base
stations 30.

In exemplary embodiments of the present disclosure, the
user terminals 20 and base stations 30 may be configured to
support MIMO transmissions of rank three or higher. Release
7 of the WCDMA standard currently defines two pilot chan-
nels to support 2x2 MIMO transmissions: a primary common
pilot channel (P-CPICH) and a secondary common pilot
channel (S-CPICH). Additional CPICHs may be configured
in embodiments of the present disclosure to support MIMO
transmissions ol rank 3 or higher.

To configure the additional common pilot channels, the
RNC 40 sends configuration information for the additional
CPICHs to the base station 30. New information elements are
defined for the control plane signaling messages to specity
the configuration of the additional CPICHs. The additional
CPICHs can be configured to have a fixed power level, or
multiple power levels.

In the first case, the pilot signals are transmitted continu-
ously with fixed downlink power value. The main drawback
with fixed power for common pilots 1s that the additional pilot
channels create interference for the legacy user terminals 20
(Release 7 and Release 99). On the other hand, the power
should be of sufficient quality for getting good channel esti-
mates when a MIMO transmission of rank three or higher 1s
scheduled for a compliant user terminal 20.

In the second case, the base station 30 can transmit the
pilots signals at any one of multiple downlink power values.
The RNC 40 can configure a minimum value so that the
interference to the Release 7 and Release 99 user terminals 20
1s reduced. The base station 30 can increase the power level
above the minimum value when a MIMO transmission of
rank 3 or higher 1s scheduled for a compliant user terminal 20.
The multiple downlink power values can be pre configured so
that only a specific set of downlink power values 1s available
for selection by the base station 30.

The user terminals 20 may use the additional CPICHs for
channel state information (CSI) estimation. The user termi-
nals 20 may also use the additional CPICH for channel esti-
mation for coherent demodulation by the user terminals 20. In
some embodiments of the disclosure, specific user terminals
20 may use the additional CPICHs as a phase reference.
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When the additional CPICHs are configured with multiple
power levels, the controlling RNC (CRNC) 40 for a current
serving base station 30 can request the base station 30 to
report the power levels of the additional CPICHs. This infor-
mation can be used for radio link set-up and radio resource
management purposes.

FI1G. 2 illustrates an exemplary procedure 100 for config-
uring additional CPICHs according to one exemplary
embodiment. The procedure 100 may be performed at the
time a new cell 1s in1tially configured. Alternatively, the pro-
cedure may be performed to add an additional CPICH to an
existing cell.

A CRNC 40 sends a Cell Setup Request or Cell Reconfigu-
ration Request to the base station 30 that will provide service

in the newly configured cell (step 1). The Cell Setup Request
or Cell Reconfiguration Request includes configuration infor-
mation for the additional CPICHs. New information elements
are defined for the configuration parameters as shown in Table

10
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6

1. The base station 30 configures the cell according to the
parameters speciiied in the request (step 2) and sends a Cell
Setup Response or Cell Reconfiguration Response to confirm
the request (step 3).

Table 1 below shows the information elements (IEs) for an
exemplary Cell Setup Request message for a WCDMA net-
work. Reference numbers in the table refer to sections of the

3GGP TS 25.433, which define the information elements.
The symbol *“**” adjacent an information element indicates a
new or modified information element. As shown 1n Table 1,
the Cell Setup Request message 1s modified to provide con-
figuration imnformation for two additional CPICHs, 1.e., the
third and fourth common pilot channels. The configuration
information includes common physical channel ID, the
downlink (DL) scrambling code, the DL channelization code
number, the CPICH power, and the transmit diversity indica-
tor. Also, the MIMO Pilot Configuration IE and the MIMO
Pilot Configuration Extension IE are modified to include the
additional CPICHs.

TABL.

1

(Ll

Information Elements in Call Setup Request Message

+/Group Name

Message Discriminator

Message Type

Transaction 1D

Local Cell ID

C-ID

Configuration Generation ID
T Cell

UARFCN

UARFCN

Maximum Transmission
Power

Closed Loop Timing
Adjustment Mode
Primary Scrambling Code
Synchronisation
Configuration
>N_INSYNC_IND
>N_OUTSYNC_IND
>T_RLFAILURE

DLTPC Pattern 01 Count
Primary SCH Information
>Common Physical
Channel ID

>Primary SCH Power

>TSTD Indicator

Secondary SCH Information
>Common Physical
Channel ID

>Secondary SCH Power

>TSTD Indicator

Primary CPICH Information
>Common Physical
Channel 1D

>Primary CPICH power
>Transmit Diversity
Indicator

Secondary CPICH
Information

>Common Physical
Channel ID

>DL Scrambling Code
>FDD DL Channelisation
Code Number

>Secondary CPICH Power

< K EEEEERKER

O

<

<< = & & & ¥ ¥ £ §KEKK

< £ K

Presence

IE Type
and Semantics Assigned
Range Reference Description Criticality  Criticality
9.2.1.45 —
9.2.1.46 YES reject
9.2.1.62 —
9.2.1.38 YES reject
9.2.1.9 YES reject
9.2.1.16 YES reject
9.2.2.49 YES reject
9.2.1.65 Corresponds to Nu YES reject
(TS 25.104 [14])
9.2.1.65 Corresponds to Nd YES reject
(TS 25.104 [14])
9.2.1.40 YES reject
9.2.2.2A YES reject
9.2.2.34 YES reject
1 YES reject
9.2.1.47A —
9.2.1.47B —
9.2.1.56A —
9.2.2.13A YES reject
1 YES reject
9.2.1.13 —
DL Power —
9.2.1.21
9.2.1.64 —
1 YES reject
9.2.1.13 —
DL Power —
9.2.1.21
9.2.1.64 —
1 YES reject
9.2.1.13 —
9.2.2.33 —
9.2.2.53 —
0...<maxN EACH reject
CPICHCell>
9.2.1.13 —
9.2.2.13 —
9.2.2.14 —
DL Power —

9.2.1.21



US 9,178,585 B2

TABLE 1-continued

Information Elements in Call Setup Request Message

IE Type
and Semantics Assigned
IE/Group Name Presence Range Reference Description Criticality Criticality
>Transmit Diversity M 9.2.2.53 -
Indicator
Primary CCPCH 1 YES reject
Information
>Common Physical M 9.2.1.13 —
Channel 1D
>BCH Information 1 —
>>Common Transport M 9.2.1.14 -
Channel ID
>>BCH Power DL Power -
9.2.1.21
>STTD Indicator 9.2.2.48 —
Limited Power Increase 1 YES reject
Information
>Power_Raise_Limit M 9.2.2.29A —
>DL_power_averaging window_size M 9.2.2.12A —
[PDL Parameter Information 0...1 YES reject
>IPDL FDD Parameters M 9.2.2.18C —
>IPDL Indicator M 9.2.1.36F —
Cell Portion Information 0...<maxno EACH reject
ofCellPortions>
>Cell Portion ID M 9.2.2.1Ca —
>Assoclated Secondary M Common —
CPICH Physical
Channel 1D
9.2.1.13
>Maximum Transmission M Maximum —
Power for Cell Portion Transmission
Power
9.2.1.40
MIMO Pilot Configuration™* O 9.2.2.73 YES reject
MIMO Pilot Configuration O 9.2.2.120 Can only be YES reject
Extension™* present if the
MIMO Pilot
Configuration
IE is present
Third CPICH Information™®* 0...<maxT Maximum EACH reject
CPICHCell> number of Third
CPICHs that
can be defined
in a Cell.
>Common Physical M 9.2.1.13 —
Channe] ID**
>DL Scrambling Code M 9.2.2.13 -
>FDD DL Channelisation M 90.2.2.14 -
Code Number®*
>Third CPICH Power M Addition —
CPICH DL
Power 9.2.x.y
>Transmit Diversity M 9.2.2.53 —
Indicator™®*
Fourth CPICH Information™* O...<maxF Maximum EACH reject
CPICHCell> number of
Fourth CPICHs
that can be
defined in a
Cell.
>Common Physical M 9.2.1.13 —
Channel] [D**
>DL Scrambling Code™®* M 9.2.2.13 —
>FDD DL Channelisation M 0.2.2.14 —
Code Number**
>Fourth CPICH Power** M Addition —
CPICH DL
Power 9.2.X.y
>Transmit Diversity M 9.2.2.53 -

Indicator™®*
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As previously noted, the CRNC 40 can configure the addi-
tional CPICHs to have a fixed power level or multiple power
levels. In the first case, the CRNC specifies the fixed power
level for each additional CPICH 1n the CPICH power IE. The
power level may be an absolute power level or a relative
power level related to the primary CPICH, e.g. —=30 dB. The
additional CPICHs may have different power levels. In the
second case, the CRNC 40 may specily a range in the CPICH
power IE, e.g. =30 to 19 dB. Where a range 1s specified, the
base station 30 may select any value 1n the specified range.
Alternatively, the CRNC 40 may provide a list of discrete
power level values and the base station 30 may be limited to
selection of one of the specified power level values.

In WCDMA, the RNC 40 1s responsible for setting up radio
links for the user terminals 20. When a user terminal 20 with
4-branch MIMO capability 1s detected, the RNC 40 can setup
a radio link for 4x4 MIMO transmissions. The radio link
setup can be achieved by adding a new 4-branch MIMO
Activation Indication into Node B Application Part (NBAP)
and Radio Network Subnetwork Application Part (RNSAP)
messages sent from the RNC 40 to the base station 30. For
example, the 4-branch MIMO Activation Indication may be
included 1n a Radio Link Setup Request, Radio Link Addition
Request, or Radio Link Reconfiguration Prepare message.

If the additional CPICHs have multiple power levels, the
CPICH power for the additional CPICHs used by the base
station 30 needs to be signaled back to RNC 40 when a new
radio link 1s set up. For this purpose, new IEs may be added in
the NBAP and/or RNSAP messages sent from base station 30
the RNC 40. For example, the CPICH power for each addi-
tional CPICH may be included in a Radio Link Setup
Response, Radio Link Addition Response, Radio Link
Reconfiguration Ready, or Radio Link Reconfiguration
Response.

If the additional CPICHs have multiple power levels, the
base station 30 may change the CPICH power for the addi-
tional CPICHs while 4x4 MIMO radio links are set up. In this
case, the base station 30 needs to notity the power change to
RNC 40 for these radio links. This notification can be
achieved by adding new IEs in the existing NBAP/RNSAP
message Radio Link Parameter Update Indication. When
RNC 40 receives the new CPICH power for the additional
CPICHs, it needs to notify the user terminal 20 that1s atfected
by the change.

New IEs for the additional CPICHs may also be added 1n
Radio Resource Control (RRC) messages transmitted
between the RNC 40 and user terminal 20. These new IEs can
be used to provide configuration information to the user ter-
minal 20 to setup a 4x4 MIMO radio link or to reconfigure an
established 4x4 MIMO radio link. The configuration infor-
mation includes, for example, the scrambling code, channel-
1zation code, power ofiset, etc.

FI1G. 3 1llustrates a procedure 200 for setting up a radio link
tor MIMO transmission of rank 3 or higher. The RNC 40
sends a radio link control message to the base station 30
serving the cell where the user terminal 20 1s located (step 1).
The request message includes a 4-branch MIMO Activation
Indication. The radio link control message may, for example,
comprise a Radio Link Setup Request, a Radio Link Addition
Request, or a Radio Link Reconfiguration Request. In some
embodiments, the radio link control message may further
include an indication that the additional CPICHs can be used
as a phase reference. In response to the radio link control
message, the base station 30 sends a radio link control
response including the CPICH power for the additional
CPICHs 1n 1ts response to the request (step 2). The radio link
control response may comprise a Radio Link Setup Response,
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a Radio Link Addition Response, or a Radio Link Reconfigu-
ration Response. After receiving the response from the base
station 30, the RNC 40 sends a RRC message to the user
terminal 20 containing configuration information for the
additional CPICHs (step 3). The configuration information
includes the CPICH powers for the additional CPICHs pro-
vided by the base station 30.

The RNC 40 may request base station 30 to report the DL
CPICH power for the additional CPICHs on demand, peri-
odically, and/or 1n response to predetermined events. For
example base station 30 can report the CPICH power for the
additional CPICHs power each time the power 1s changed, or
at predetermined time intervals, or both.

FIG. 4 1llustrates an exemplary procedure for configuring,
updates for the CPICH power in scenarios where multiple
power levels are configured for the additional CPICHs. The
CRNC 40 may send a Common Measurement Initiation
Request to the base station 30 to configure reporting of the
power level for the additional CPICHs (step 1). The base
station 30 may be configured to report the power levels of the
additional CPICHs periodically, 1in response to predeter-
mined events (e.g., when the power level 1s changed by the
base station 30), or both. The base station 30 may also be
requested by the RNC 40 to provide an immediate, on-de-
mand measurement report. The type of reporting 1s indicated
by the Measurement Type IE 1n the Common Measurement
Initiation Request. The Measurement Type IE can be set to
request periodic measurement reports, event-triggered mea-
surement reports, or both. The Measurement Type IE can be
set to request an 1mmediate, on-demand report. The base
station 30 sends a Common Measurement Initiation
Response to confirm the request (step 2). The Common Mea-
surement Initiation Response may include the current power
levels for the additional CPICHs. Thereafter, the base station
30 sends a common measurement report to the CRNC 40
indicating the current power level for each additional CPICH,
or for specified ones of the additional CPICHs (step 3). The
measurement report may be sent at periodic intervals, or
responsive to specified events, e.g. when the power 1s
changed.

In some embodiments, new messages can be defined to
configure the additional CPICHs. New messages can also be
used to configure power level updating between the base
station 30 and RNC 40 when the additional CPICHs have
multiple power levels. The new messages can be part of the
NBAP/RNSAP signaling plane. Alternatively, the new mes-
sages could be mtroduced 1n the lub/lur frame protocols for
the common channels, e.g. Fast Access Channel (FACH) and
Random Access Channel (RACH).

FIG. 5 illustrates an exemplary method 100 implemented
by a RNC 40 1n a wireless communication network 10 of
configuring additional pi1lot channels 1n a cell to support mul-
tiple input, multiple output (MIMO) transmissions of rank 3
or higher. The RNC 40 sends a configuration message (e.g.
Cell Set-Up Request or Cell Reconfiguration Request) to a
servicing base station 30 1n a cell (block 105). The configu-
ration message mcludes configuration information for addi-
tional pilot channels. The RNC 40 determines a set of two or
more power levels for each additional pilot channel (block
110). In some embodiments, a single set of power levels 1s
determined for all additional pilot channels. In other embodi-
ments, a separate set ol power levels 1s determined for each
additional pilot channel. The RNC 40 includes, 1n the con-
figuration information, power level information indicating
the set ol power levels for each additional pi1lot channel (block
115). The RNC 40 may specity the power levels as absolute
power levels. In other embodiments, the RNC 40 may specily
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the power levels as relative power levels. For example, the
RNC 40 may specily a power oflset relative to the primary
pilot channel. The set of two or more power levels may be
indicated as a range of powers, 1.€., by specifying the mini-
mum and maximum power levels in the range. In other
embodiments, the set of two or more power levels may be
indicated by a list of power level values.

FI1G. 6 1llustrates an exemplary method implemented by a
serving base station 30 for a cell of a wireless communication
network 10 for supporting multiple input, multiple output
(MIMO) transmissions of rank 3 or higher. The serving base
station 30 transmuts first and second pilot channels to support
MIMO transmissions of rank 1 and 2 (block 155). The serving
base station 30 recerves a configuration message (e.g. Cell
Set-Up Request or Cell Reconfiguration Request) from a
RINC 40 including configuration information for one or more
additional pilot channels (block 160). The configuration mes-
sage 1cludes a set of two or more power levels for each
additional pilot channel. In response to the configuration

message, the serving base station 30 selects a power level for
cach additional CPICH (block 165) and transits the additional

CPICHs at the selected power levels (block 170).

FI1G. 7 illustrates an exemplary base station 30 configured
to support MIMO transmission of rank 3 or higher. The base
station 30 comprises a spatial multiplexing transceiver 32
coupled to four antennas 34. Those skilled in the art will
appreciate that the number of antennas 34 1s not a material
aspect of the disclosure and that the present disclosure could
be applied to embodiments with five or more antenna 34. In
the exemplary embodiment, the transceiver circuit 32 1s con-
figured to operate according to the WCDMA standard. The
present disclosure, however 1s not limited to use in WCDMA
systems and skilled in the art will appreciate that the present
disclosure 1s more generally applicable to any wireless com-
munication system using MIMO. A control processor 36
controls operation of the base station 30. The function of the
control processor include configuration of the cells served by
the base station 30 as herein described. The control processor
36 may comprise one or more microprocessors, hardware,
firmware or a combination thereof. A network interface cir-
cuit 38 connects the base station 30 to a signaling network for
communicating with the RNC 40. The network 1nterface cir-
cuit 38 may comprise, for example, an Ethernet interface.

FIG. 8 1llustrates an exemplary RNC 40 configured to
support MIMO transmission of rank 3 or higher. The RNC 40
includes a network interface circuit 42 to connect the RNC to
a signaling network and a control processor 44. The network
interface circuit 42 may comprise, for example, an Ethernet
interface. The RNC 42 uses the network interface circuit 42 to
send control plane data to and receive control plane data from
the base station 30 and user terminal 20. The network inter-
face circuit 42 may also be used to forward user plane data
between the user terminal 20 and core network. The control
processor 44 performs functions such as cell-setup, cell
reconfiguration, and radio resource management as herein
described. The control processor 44 may comprise one or
more microprocessors, hardware, firmware or a combination
thereof.

Embodiments of the present disclosure provide support for
4x4 MIMO channels while reducing the impact of the addi-
tional CPICHs on legacy user terminals 20. Also, embodi-

ments of the disclosure provide high power pilot signals to the
user terminals 20 terminal as an aid for coherent demodula-
tion and data detection.

What is claimed 1s:

1. A method, implemented by a radio network controller 1n
a wireless communication network, of configuring additional
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pilot channels 1 a cell having primary and secondary pilot
channels to support multiple-input, multiple-output (MIMO)
transmissions of rank three or higher, the method comprising;:
sending a configuration message to a serving base station
in a cell having one or more pilot channels configured,
said configuration message including configuration
information for one or more additional pilot channels;
determining a set of two or more power levels for the
additional pilot channels; and
including, in the configuration information, power level
information indicating the set of two or more powers
levels for each additional pilot channel;

sending a measurement initiation request to the base sta-

tion to configure reporting, by the base station, of the
power levels of the additional pilot channels, said mea-
surement 1nitiation request indicating a type of reporting,
selected from a plurality of types of reporting performed
by the base station.

2. The method of claim 1, wherein the set of two or more
power levels for the additional pilot channels comprises a
range of powers lfor each additional pilot channel; and
wherein the power level information indicates the range of
POWErS.

3. The method of clam 1, wherein the set of two or more
power levels for the additional pilot channels comprises a set
of two or more discrete power levels for each additional pilot
channel; and wherein the power level information comprises
a list of the two or more discrete power levels.

4. The method of claim 1, wherein the measurement 1ni-
tiation request includes a measurement type information ele-
ment set to request periodic measurement reports by the base
station.

5. The method of claim 1, wherein the measurement 1ni-
tiation request includes a measurement type information ele-
ment set to request event triggered measurement reports by
the base station.

6. The method of claim 1, wherein the measurement 1ni-
tiation request includes a measurement type information ele-
ment set to request immediate on-demand measurement
reports by the base station.

7. The method of claim 1, further comprising receiving,
responsive to the measurement 1nitiation request, a measure-
ment report irom said base station.

8. The method of claim 1, wherein the power level infor-
mation comprises a relative power level indicating the power
level of the additional pilot channels relative to a primary pilot
channel.

9. The method of claim 1, wherein determiming a set of two
or more power levels for the additional pilot channels com-
prises determining a single set of power levels 1s determined
for all additional pilot channels.

10. The method of claim 1, wherein determining a set of
two or more power levels for the additional pilot channels
comprises determining a separate set of power levels 1s deter-
mined for each additional pilot channels.

11. The method of claam 1, wherein said configuration
information for one or more additional pilot channels are
defined by adding separate information elements 1n the con-
figuration message, said separate information elements are
different from mformation elements defined for the one or
more pilot channels.

12. The method of claim 1, wherein said plurality types of
reporting performed by the base station comprises periodic
measurement reporting, event triggered measurement report-
ing, and immediate on-demand measurement reporting.

13. A radio network controller, in a wireless communica-
tion network, for configuring additional pilot channels 1n a
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cell having primary and secondary pilot channels to support
multiple-input, multiple-output (MIMO) transmissions of
rank three or higher, the radio network controller comprising;:

a network interface circuit for communicating with a serv-

ing base station 1n a cell managed by the radio network
controller; and

a control processor for controlling the radio base station,

said control processor being configured to:

send a configuration message to a serving base station in
a cell having one or more pilot channels configured,
said configuration message including configuration
information for one or more additional pilot channels;

determine a set of two or more power levels for the
additional pilot channels;

include, in the configuration information, power infor-
mation indicating the set of two or more power levels
for each additional pilot channel;

send a measurement 1nitiation request to the base station
to configure reporting, by the base station, of the
power levels of the additional pilot channels, said
measurement initiation request indicating a type of
reporting selected from a plurality of types of report-
ing performed by the base station.

14. The radio network controller of claim 13, wherein the
set of two or more power levels comprise a range of powers
tor each additional pilot channel, and wherein the power level
information indicates the range of powers.

15. The radio network controller of clam 13, wherein the
set of two or more power levels comprise two or more discrete
power levels for each additional pilot channel, and wherein
the power information includes a list of the two or more
discrete power levels.

16. The radio network controller of claim 13, wherein the
control processor 1s further configured to include, in the mea-
surement 1nitiation request, a measurement type information
clement set to request periodic measurement reports by the
base station.

17. The radio network controller of claim 13, wherein the
control processor 1s further configured to include, in the mea-
surement 1nitiation request, a measurement type information
clement set to request event triggered measurement reports by
the base station.

18. The radio network controller of claim 13, wherein the
control processor 1s further configured to include, 1n the mea-
surement 1nitiation request, a measurement type information
clement set to request an immediate on-demand measurement
report by the base station.

19. The radio network controller of claim 13, wherein the
control processor 1s further configured to receive, responsive
to the measurement 1nitiation request, a measurement report
from said base station.

20. The radio network controller of claim 13, wherein the
power level mformation comprises a relative power level
indicating the power level of the additional pilot channels
relative to a primary pilot channel.

21. The radio network controller of claim 13, wherein the
control processor 1s further configured to determine a single
set of power levels 1s determined for all additional pilot chan-
nels.

22. The radio network controller of claim 13, wherein the
control processor 1s further configured to determine a sepa-
rate set ol power levels 1s determined for each additional pilot
channels.

23. A method, implemented by a serving base station for a
cell of a wireless communication network, for supporting
multiple-input, multiple-output (MIMO) transmissions of
rank three or higher, the method comprising:
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transmitting primary and secondary pilot channels on a

downlink channel;
recerving, from a radio network controller, a configuration
message including configuration information for one or
more additional pilot channels, the configuration mes-
sage including power level information imndicating a set
of two or more power levels for each additional pilot
channel;
selecting, for each additional pilot channel, a transmait
power level from a corresponding set of two or more
power levels indicated 1n the configuration information;

transmitting the additional pilot channels on the downlink
channel at the selected power levels
receving a measurement initiation request from the radio
network controller, said measurement 1nitiation request
indicating a type of reporting selected from a plurality of
types of reporting performed by the base station; and

configuring, responsive to the measurement initiation
request, measurement reporting to report the power lev-
els of the additional pilot channels to the radio network
controller.

24. The method of claim 23, wherein the set of two or more
power levels for the additional pilot channels comprises a
range of powers for each additional pilot channel; and
wherein the power level information indicates the range of
pPOWErsS.

25. The method of clam 23, wherein the set of two or more
power levels for the additional pilot channels comprises a set
of two or more discrete power levels for each additional pilot
channel; and wherein the power level information comprises
a list of the two or more discrete power levels.

26. The method of claim 23, further comprising sending
periodic measurement reports from the base station to the
radio network controller, said measurement report indicating,
the power levels of the additional pilot channels.

277. The method of claim 23, further comprising detecting a
triggering event and sending a measurement report from the
base station to the radio network controller, said measurement
report indicating the power levels of the additional pilot chan-
nels.

28. The method of claim 23, further comprising sending,
responsive to the measurement 1nitiation request, an 1mme-
diate on-demand measurement report from said base station
to said radio network controller, said measurement report
indicating the power levels of the additional pilot channels.

29. The method of claim 23, further comprising selectively
transmitting the additional pilot channels depending on capa-
bilities of service user terminals currently served by the base
station.

30. The method of claim 23, wherein selecting, for each
additional pilot channel, a transmit power level from a corre-
sponding set of two or more power levels indicated 1n the
configuration iformation comprises selecting one of said
two or more power levels for the additional pilot channels
depending on the capabilities of the currently scheduled user
terminals.

31. The method of claim 30, wherein selecting one of said
two or more power levels for the additional pilot channels
depending on the capabilities of the currently scheduled user
terminals comprises selecting one of said two or more power
levels for the additional pilot channels depending on a num-
ber of currently scheduled user terminals capable of MIMO
transmission of rank three or higher.

32. The method of claim 23, further comprising:

recerving a radio link control message form the radio net-

work controller; and
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sending, responsive to the radio link control message, a
radio link control response including the selected power
levels for the additional pilot channels.

33. A serving base station for a cell of a wireless commu-
nication network for supporting multiple-input, multiple-out-
put (MIMO) transmissions of rank three or higher, the serving,
base station comprising;

a transcerver circuit for communicating with user termi-

nals:

a network interface circuit for communicating with a radio
network controller in the wireless communication net-
work; and

a control processor connected to the transcerver circuit and
network interface circuit and configured to:

control the transceiver circuit to transmit primary and
secondary pilot channels on a downlink channel;

receive, from a radio network controller, a configuration
message icluding configuration information for one
or more additional pilot channels, the configuration
message including power level mformation indicat-
ing a set of two or more power levels for each addi-
tional pilot channel;

select, for each additional pilot channel, a transmit
power level from a corresponding set of two or more
power levels indicated 1n the configuration informa-
tion;

control the transceiver circuit to transmit the additional
pilot channels on the downlink channel at the selected
power levels

receive a measurement 1itiation request from the radio
network controller, said measurement 1nitiation
request mndicating a type of reporting selected from a
plurality of types of reporting performed by the base
station; and

configure, responsive to the measurement i1nitiation
request, measurement reporting to report the power
levels of the additional pilot channels to the radio
network controller.

34. The serving base station of claim 33, wherein the set of
two or more power levels for the additional pilot channels
comprises arange of powers for each additional pilot channel;
and wherein the power level information indicates the range
of powers.
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35. The serving base station of claim 33, wherein the set of
two or more power levels for the additional pilot channels
comprises a set of two or more discrete power levels for each
additional pilot channel; and wherein the power level infor-
mation comprises a list of the two or more discrete power
levels.

36. The serving base station of claim 33, wherein the con-
trol processor 1s further configured to send periodic measure-
ment reports from the base station to the radio network con-
troller, said measurement reports indicating the power levels
of the additional pilot channels.

377. The serving base station of claim 33, wherein the con-
trol processor 1s further configured to send a measurement
report Irom the base station to the radio network controller,
said measurement report indicating the power levels of the
additional pilot channels.

38. The serving base station of claim 33, wherein the con-
trol processor 1s further configured to send, responsive to the
measurement initiation request, an immediate on-demand
measurement report from said base station to said radio net-
work controller, said measurement report indicating the
power levels of the additional pilot channels.

39. The serving base station of claim 33, wherein the con-
trol processor 1s further configured to control the transceiver
circuit to selectively transmit the additional pilot channels
depending on capabilities of service user terminals currently
served by the base station.

40. The serving base station of claim 33, wherein the con-
trol processor 1s further configured to select one of said two or
more power levels for the additional pilot channels depending
on the capabilities of the currently scheduled user terminals.

41. The serving base station of claim 40, wherein the con-
trol processor 1s further configured to select one of said two or
more power levels for the additional pi1lot channels depending
on a number of currently scheduled user terminals capable of
MIMO transmission of rank three or higher.

42. The serving base station of claim 33, wherein the con-
trol processor 1s further configured to:

recerve aradio link control message form the radio network

controller; and

send, responsive to the radio link control message, a radio

link control response including the selected power levels
for the additional pilot channels.
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